Objectives-We performed a prospective case-cohort study in initially healthy, middle-aged men and women from the MONICA/KORA Augsburg studies conducted between 1984 and 2002 to assess the role of IL-18 in comparison with IL-6 and CRP in the prediction of incident coronary heart disease (CHD). Methods and Results-Concentrations of IL-18 were measured in 382 case subjects with incident CHD and 1980 noncases. Mean follow-up was 11 years. Baseline concentrations of IL-18 were slightly higher in cases than in noncases (172.4 [1.0] versus 161.3 [1.0] pg/mL, respectively; Pϭ0.114), but were clearly elevated for C-reactive protein (CRP) and IL-6 in cases compared with noncases. In multivariable analyses, accounting for classical cardiovascular risk factors and inflammatory markers, no statistically significant association was seen between increased concentrations of IL-18 and incident CHD both in men (hazard ratio [HR] and 95% confidence intervals [CIs] comparing extreme tertiles, 1.20; 95% CI, 0.85 to 1.69), and in women (HR, 1.25; 95% CI, 0.67 to 2.34). However, in this population increased concentrations of CRP and IL-6 were found to be independent predictors of future CHD events, even after multivariable adjustment.
levels of this cytokine in patients with acute coronary syndrome (ACS), 14, 15 several other investigations were not able to demonstrate any meaningful relationship with coronary heart disease (CHD). 16 -17 Furthermore, in 1 prospective study IL-18 predicted cardiovascular events in patients with manifest CHD, 18 and data in initially healthy subjects are scarce and need to be confirmed. 19 Therefore, we conducted a prospective case-cohort 20 study within the MONICA/KORA Augsburg platform to assess the role of IL-18 in the prediction of incident CHD (fatal and nonfatal myocardial infarction [MI] and sudden cardiac death) over a mean follow-up (FU) of 11 years.
Methods

Study Design
The design of this prospective case-cohort study conducted within the population-based MONICA/KORA Augsburg cohort has been recently described in detail. 21 A combined endpoint that included incident fatal/nonfatal MI and sudden cardiac death occurring before the age of 75 years was used as the outcome variable, and was identified through the MONICA/ KORA Augsburg coronary event registry and through FU questionnaires for subjects who had moved out of the study area. Because of the low incidence of CHD in those younger than 35 years, the present study was limited to 10 718 persons (5382 men and 5336 women) between 35 to 74 years at baseline who participated in at least 1 of the 3 MONICA/KORA Augsburg surveys (S), conducted in 1984/ 1985 (S1), 1989/1990 (S2), and 1994/1995 (S3). After exclusion of 1187 subjects with missing blood samples and 231 participants with self-reported prevalent CHD, the source population for the present study comprised 9300 subjects (4507 men, 4793 women).
For the case-cohort study, a random sample of the source population, called here the subcohort, containing 2163 subjects (1154 men, 1009 women) was selected stratifying by sex and survey. Participants with missing values for IL-18 or any of the covariables used in the present analysis were excluded leading to a subcohort of 2095 subjects (1101 men, 994 women). The final stratum-specific sample sizes were used together with the stratum-specific sizes of the cohort of interest to compute sampling fractions, and the inverse of the sampling fractions yielded the survey and sex-specific sampling weights: 3.01, 3.84, 6.25 for men, and 3.93, 4.76, 6.12 for women.
The number of cases of incident CHD until December 31, 2002 was 397 (307 men, 90 women). For 295 men and 87 women, complete information on all relevant variables was available. Because 92 male and 23 female cases were also part of the randomly drawn subcohort, the present analysis comprised a total of 2362 participants (295 men and 87 women with incident CHD, 1009 men and 971 women without incident CHD). For detailed information on the study design please see the online data supplement (http://atvb.ahajournals.org).
Data Collection, Laboratory Measurements, and Statistical Analyses
Most aspects of data collection and laboratory measurements have been described before. 21 For additional details and information on statistical analyses, please see the online data supplement.
Results
Overall, 2362 participants (382 subjects with incident CHD and 1980 subjects without incident CHD) of the 3 populationbased MONICA/KORA Augsburg surveys were included in this case-cohort study. The mean FU time (ϮSD) was 11.0 (Ϯ5.0) years for the study population and ranged from 0.05 to 18.2 years.
The baseline demographic, clinical, and laboratory characteristics of the study population are shown in Table 1 . Subjects with incident CHD were older, more likely to be current or former smokers, were less active, and showed a higher body mass index (BMI) and waist-to-hip ratio (WHR) compared with noncases. Furthermore, cases more frequently reported a history of diabetes mellitus and actual hypertension, as well as a positive or unknown parental history of MI, whereas no significant differences were observed for educational levels and alcohol consumption habits between the 2 groups.
As expected, total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) concentrations, and TC/highdensity lipoprotein cholesterol (HDL-C) ratio were considerably higher and HDL-C was considerably lower in cases compared with noncases.
Although plasma concentrations of IL-18 at baseline tended to be slightly higher in CHD cases than in noncases, they did not differ statistically significantly between subjects with incident CHD and those who remained free of an event during FU (weighted geometric means with antilog of standard errors of log means); 172.4 (1.0) versus 161.3 (1.0) pg/mL, respectively; Pϭ0.114) ( Table 1 ). Geometric means of IL-18 were 174.1 (1.1) pg/mL in cases and 162.4 (1.0) pg/mL in noncases for men (Pϭ0.163) and 165.2 (1.1) pg/mL and 160.3 (1.0) pg/mL for women (Pϭ0.712), respectively. Conversely, CRP and IL-6 concentrations were found to be significantly increased in subjects with incident CHD compared with healthy individuals and that held true for both genders (CRP concentration for men: 2.5 [1.1] Pearson correlation coefficients (R) between log IL-18 and inflammatory markers, lipid variables or conventional risk factors calculated in the randomly sampled subcohort of 2095 individuals, revealed a weak positive, but statistically significant, correlation between log IL-18 and log CRP (Rϭ0.095, PϽ0.001), log IL-6 (Rϭ0.085, PϽ0.001), and the TC/ HDL-C ratio (Rϭ0.061, Pϭ0.006). Furthermore, a borderline significant positive correlation between log IL-18 and WHR (Rϭ0.071, Pϭ0.005); diastolic blood pressure (BP) (Rϭ0.055, Pϭ0.012) and a negative correlation with HDL-C (RϭϪ0.063, Pϭ0.004) were also observed. No statistically significant correlations were seen with age, body mass index, TC, and LDL-C (data not shown). Table 2 shows the results of Cox proportional hazards analysis, in which the association of baseline IL-18 concentrations with incident CHD was assessed. In age and survey adjusted analyses (Model 1), there was a statistically significant association between increased concentrations of IL-18 and incident CHD in men (HR and 95% CI comparing tertile extremes were 1.43; 95% CI, 1.05 to 1.96; P for trend 0.019, respectively), whereas the association of similar size in women (HR, 1.47; 95% CI, 0.87 to 2.48; P for trend 0.108, respectively) was not statistically significant. In multivariable analyses, accounting for traditional cardiovascular risk fac-tors and TC/HDL-C ratio, this association was attenuated and no longer statistically significant in men (HR, 1.21; 95% CI, 0.86 to 1.69; P for trend 0.241) and remained nonsignificant in women (HR, 1.23; 95% CI, 0.67 to 2.28; P for trend 0.461) (Model 2). Additional adjustment for the inflammatory markers CRP and IL-6 (Model 3) did not have a further impact on the relation between elevated IL-18 concentrations and risk of subsequent coronary events. Finally, when the prognostic value of IL-18 was assessed in the whole population (nϭ2362), the magnitude of such association was consistent with that observed in men. A statistically significant association between increased IL-18 concentration (T3 versus T1) and incident CHD was found only in age and survey adjusted analyses, whereas further adjustment for various traditional cardiovascular risk factors, TC/HDL-C ratio and inflammatory biomarkers led to a loss of the statistical significance of the association (HR for T3 versus T1 in the fully adjusted model including CRP and IL-6: 1.22, 95% CI, 0.91 to 1.64, P for trend 0.164) ( Table 2) . Moreover, almost identical results have been obtained if risk estimates for the top tertile of the IL-18 distribution were compared with the combined first and second tertiles with a HR of 1.22 (95% CI, 0.95 to 1.57; Pϭ0.11) in the fully adjusted model.
Taking into account that increased IL-18 concentrations might be related to more severe disease, we also assessed the association between this biomarker and fatal MI among 202 cases (157 male and 45 female) who died from MI during 11 years of FU and 1980 noncases. Although plasma concentrations of IL-18 tended to be slightly higher in fatal MI cases compared with nonfatal cases (175.8 versus 168.7 pg/mL); this difference was not statistically significant (Pϭ0.59). Similarly, we found no statistically significant association between increased IL-18 concentrations and incident fatal MI in multivariable analysis, although the HRs were slightly higher compared with those obtained in the whole study population (HR, 1.39; 95% CI, 0.93 to 2.06 for T3 versus T1 in the fully adjusted model including CRP and IL-6; P for trend 0.11). Finally, no statistically significant associations were seen between IL-18 concentrations and future coronary events, if IL-18 was used as a continuous (untransformed and log-transformed) variable instead of tertiles (data not shown).
However, when we investigated the prognostic values of CRP and IL-6 in this population (Figure) , we found an Ϸ2-fold increase in coronary risk in men associated with CRP levels in the top tertile compared with the lowest tertile after adjustment for a range of traditional cardiovascular risk factors and the TC/HDL-C ratio (HR, 1.89; 95% CI, 1.28 to 2.77; Pϭ0.014, Model 2). This held true in further analyses taking into account a potent inflammatory marker such as IL-6 (HR, 1.87; 95% CI, 1.27 to 2.76; Pϭ0.018, Model 3) ( Figure, Data are weighted percentages for categorical variables, weighted means (standard errors) for normally distributed continuous variables and **weighted geometric means with (antilog of standard errors of log means) for skewed continuous variables.
*The t test for continuous variables and 2 test for categorical variables. †Men: 0, Ͼ0 to 39.9 g/d, Ն40 g/d; Women: 0, Ͼ0 to 19.9 g/d, Ն20 g/d. ‡Only for women aged Ն50 years (nϭ628) with no current use of oral contraceptives.
§Only for women aged Ͻ50 years (nϭ413) with no current hormone replacement therapy.
¶Only measured in participants of survey 2 and 3 (cases: nϭ234; noncases: nϭ1259).
ʈOnly measured in participants of survey 2 and 3 (cases: nϭ235; noncases: nϭ1263).
Weights: casesϭ1; noncasesϭ1/sampling fraction with sampling fractionϭsubcohort/full cohort without cases for each gender and survey. OC indicates oral contraceptive; HRT, hormone replacement therapy. Taking into account that IL-18 was previously considered as a short-term or intermediate-term risk marker, we examined the prognostic value of increased IL-18 concentrations in accordance with the occurrence of a first coronary events over different FU periods (1, 2, 3, 4, 5, and 6 years) and found that multivariable adjusted HRs estimated for various time points were similar to the HRs estimated for the full FU period (data not shown).
Discussion
Data from this large prospective case-cohort study did not show a statistically significant independent association between increased IL-18 concentrations and subsequent coronary events in apparently healthy, middle-aged subjects. By contrast, increased concentrations of CRP in men and IL-6 in women remained strong and independent predictors of CHD risk in this population even after adjustment for traditional cardiovascular risk factors, and for IL-6 in case of CRP and vice versa and thus confirmed results from various cohorts.
Our data on IL-18 are in contrast to 2 prospective cohorts reported in the literature. 18, 19 Results from 1 large prospective study, conducted in 1229 patients with angiographically confirmed CAD showed that increased concentrations of IL-18 at baseline were associated with future cardiovascular (CV) death during a 3.9-year FU, even after adjustment for potential confounders (HR, 3.3; 95% CI, 1.3 to 8.4; Pϭ0.01). Tertiles of the weighted distributions of IL-18 in the subcohort, stratified for gender, were used: men 139.2 and 222.4; women 133.8 and 208.9. *Adjustment for traditional cardiovascular (CV) risk factors includes adjustment for body mass index, smoking status, alcohol consumption, physical activity, systolic blood pressure, TC/HDL-C, parental history of MI, and history of diabetes Such association held further true if the prognostic value of increased IL-18 on subsequent CV events was assessed separately in patients with stable and unstable patients on admission. 18 However, when the FU was extended from 3.9 to 5.9 years, IL-18 concentrations were no longer predictive of outcome, thus questioning the value of IL-18 as an independent risk marker for future CV events. 22 These results, however, cannot be directly compared with our findings, because they were based on data from subjects with pre-existing CHD. Our data, by contrast, is based on a large prospective case-cohort study including initially healthy subjects from a population based sample.
To date, the prognostic value of elevated IL-18 for future coronary events in apparently healthy subjects has been investigated only in the PRIME study, 19 representing a cohort of 10 600 middle-aged men without preexisting CHD, recruited from 2 European populations (French and Irish populations). Three hundred thirty-five subjects who experienced at least one CHD event (nonfatal MI, coronary death, and angina pectoris) during a 5-year FU were compared with 670 age-matched controls. Baseline concentrations of IL-18 were significantly higher among cases compared with those who remained free of disease (225.1 versus 203.9 pg/mL, Pϭ0.005). Furthermore, elevated IL-18 concentrations were associated with a 2-fold increased risk for subsequent coronary events after multivariable adjustment, if the upper tertile of the IL-18 distribution was compared with the bottom tertile. However, such an association was statistically significant only when data from both populations were pooled for analysis. When the prognostic value of IL-18 was investigated separately in the French and the Belfast cohort, the statistical significance of the association between increasing IL-18 tertiles and future coronary events was completely lost in France (for both, combined endpoints and for coronary death/MI), whereas in the Irish populations it even increased. One possible explanation for such discrepancy could be because of the fact that the French and the Belfast PRIME cohorts represent heterogeneous populations. For instance, differences between these 2 cohorts with regard to the incidence of CHD are marked and have been reported previously. [23] [24] Additionally, the distribution of several cardiovascular risk factors in the Irish PRIME population was also different from the French cohort and thus might account, at least in part, for the excess risk of CHD seen in Belfast. Indeed, several studies demonstrated that the Belfast participants, as compared with the French, had much higher levels of triglycerides and LDL-C and significantly lower concentrations of HDL-C. 23, 25 In addition, increased concentrations of several inflammatory biomarkers such as CRP, fibrinogen, plasminogen activator inhibitor-1, IL-6, and IL-18 were also observed in Belfast as opposed to France. 19,26 -27 Therefore, the Irish PRIME population might represent a population with a high risk for CHD, whereas the French and the German cohorts represent populations with moderate or even low absolute CHD risk. Thus, such existing differences could explain the observed discrepancies between our cohort and the PRIME study.
Our study has several strengths that need to be mentioned. First, it represents a population-based prospective study conducted in initially healthy subjects. Second, we minimized the likelihood of survival bias because fatal and nonfatal coronary events were included in our study. Third, we carefully adjusted for conventional risk factors by multivariable methods.
The present study has also several limitations that should be considered. The mean FU period of 11 years is relatively long and might be responsible for the weakening of the association between the risk marker and the disease outcome. This, however, cannot completely explain the lack of a significant association between IL-18 and coronary risk, because increased concentrations of CRP and IL-6 were strongly and independently associated with future CHD, as seen in other cohorts. Moreover, in the same cohort increased concentrations of IL-18 strongly and independently predicted Hazard ratios (95% confidence interval) for the risk of incident CHD according to tertiles of CRP (upper panel) and IL-6 (lower panel) for men and women separately. Model 1, Adjusted for age and survey. Model 2, Adjusted for age, survey, body mass index, smoking status, alcohol consumption, physical activity, systolic blood pressure, TC/HDL-C, parental history of myocardial infarction and history of diabetes. Model 3, Additional adjustment for IL-6 (in case of CRP) and for CRP (in case of IL-6). Tertile 1 served as a referent tertile. Hazard ratios were estimated by Cox proportional hazard model. Correction for standard errors was made by SAS macro ROBPHREG using the method by Barlow. Tertiles of the weighted distributions of CRP in the subcohort stratified for gender were used: men 0.88 and 2.34; women 0.84 and 2.44 mg/L. Tertiles of the weighted distributions of IL-6 in the subcohort stratified for gender were used: men 1.75 and 3.24; women 1.62 and 2.91 pg/mL. incident type 2 diabetes mellitus over 10.8 years. 21 Further, the lack of association between increasing concentrations of IL-18 and incident CHD in women should be interpreted with caution because of the relatively low number of CHD events in this group (nϭ87). However, if multivariable analysis was performed in the total study population that had a power of 97% to detect a HR of 1.5, almost identical results were found, with similar hazard ratios as can be seen in Table 2 . Moreover, testing for interaction of gender and IL-18 revealed PϾ0.7 in all 3 models, indicating no modification of the association between IL-18 and CHD by gender. Another point that may be mentioned here is that IL-18 might be more suitable to predict short-term risk 19 versus long-term risk. However, we did not find any significant association between increased concentrations of IL-18 and occurrence of a first coronary event during short or intermediate FU periods as well. Regarding the method of IL-18 detection, we used a Luminex assay with a somewhat higher interassay CV than the enzyme-linked immunosorbent assays used in previous studies, 18, 19 which might have attenuated the association between IL-18 concentrations and incident CHD slightly. Although higher quality assays might have provided similar HRs, CIs most probably would be narrower, however. Another limitation of our study may result from the fact that only middle-aged men and women of German nationality were included. Thus, these data may not be extrapolated to other populations, ethnic/racial minorities and other age-groups.
Despite these limitations, this study does not suggest an independent, clinically relevant association between increased concentrations of IL-18 and risk of future CHD in apparently healthy subjects from an area with moderate absolute risk of CHD. However, the lack of prognostic impact of increased IL-18 concentrations on the occurrence of future coronary events among apparently healthy subjects does not completely exclude the potential significance of IL-18regulated mechanisms in the pathophysiology of atherothrombotic disease, especially taking into account potent plaque destabilizing properties of this molecule. Moreover, IL-18 might serve as a marker of future cardiovascular events in men with manifest CHD and/or in areas of high absolute risk of CHD. Thus, further studies are warranted to establish the role of IL-18 in the prediction of CHD risk.
